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Process for reducing the residual styrene level of a polystyrene latex 



This invention relates, to emulsion poly- 
merisation processes which are carried out to a 
high conversion of styrene monomer to poly- 
mer. 

In this specification the expression "emui- 
3)00 polymerisation processes" includes both 
addition polymerisation processes and grafting 
processes which are carried out in emulsion* 

Emulsion polymerisation processes "have 
been- employed for several decades In the 
preparation of polymers from vinyl and/or 
conjugated diehe monomers, Initiaily such pro- 
cesses wars used for the preparation of styrene- 
batadiene rubber ISSR). These processes were 
and self are generally carried out to a con- 
version of monomer to poiymsr of about 85% to 
maintain optimum properties In the rubber. 
Mare recently a wider range of emulsion poly- 
merisation processes have been employed in 
the preparation of both solid polymers and poly- 
mer Istices. In the preparation of many polymer 
Isticas it Is pcsstjie to carry out the emulsion 
'{jplywsrisa^or. process to high conversion 
levels; generally at least 90% without affecting 
adversely the properties of the latex. Poly- 
styrene latfces and csrpoxylatad S8R iatices are 
examples of such laticss prepared by emulsion 
pdiymen'satiars. Acryionitrila-butadiene-styrene 
{ASS} resins may be prepared by an emulsion 
grafting reaction likewise earned out to a high 
conversion. 

Kg matter how high the conversion Of 
monomer to pefymer it is rarely possible or 
economic to achieve tosal conversion. There 
nearly ■always remains soma residual mono- 
mer. This may be present in amounts of, for 
example, 05% to 6% or more, it is therefore 
usual to subject the latex to a stripping oper- 
ation to remove the residual, unraactad mono- 
rnshsh 

Even after such a stripping operation, resi- 
dual monomer may remain in the latex, 
occluded in the polymer particles. Another dis- 
advantage of the stripping stage is that capital 
investment for the equipment is required. 
Further, considerable amounts of energy are 
consumed in me operation since steam is 
normally employed.. This is particularly the case 
where the ntonomer{sj to be stripped have 3 
relatively high boiling point for example, 
stvreoe {boiling point *» 148°C1, acrylonltrlle 
{78'C, srsd meihscryiie acid {163*0). 

The present Invention provides a process for 
reducing the residual styrene monomer level of 
a polymer latex prepared by a main emulsion 
polymerisation of styrsne monomer or a mono™ 
made mixture . containing styrene monomer 
taken to s conversion of at feast 90% charact- 
erised In mat the polymer iatex Is exposed in a : 
separate,, vessel from that in which the main 
polymerisation has bean carried out to con- 



ditions under which free radicals are produced 
, by a secondary redox catalyst, said catalyst 
comprising an oll-soiufola oxidising component 
and an activator component, at least gns of 

s which components is added to the latex subse- 
quent to the main polymerisation. 

By mis process the residual monomer level 
may be reduced to very low levels, generally 
below 0.1%, without the need for a stripping 

to stage. Of course, if desired, soma stripping of 
the latex may be carried out, but this Is hot 
necessary to achieve very low residual mono- 
mer levels. 

Th© process is particularly applicable to 

iff Isticss prepared by the emulsion polymerisa- 
tion of styrene alone or of s monomer mixture 
containing styrene, for example, styrane/acryio- 
nitrtte and a mixture comprising butadiene, 
styrene and one or more unsaturated acids, 

ao Typical examples are carboxyfated SSR latiees 
and laticss of ASS resins and polystyrene. 

We believe that using m oil soluble oxid- 
ising component is advantageous sines migra- 
tion to the inside of the polymer particles og«~ 

25 taining the residual monomer occurs thus pro- 
ducing free radicals exactly where required. 
Further, redox catalysts having an oil soluble 
oxidising component give a mors controlled 
generation of free radicals si the polymer 

aa particle/water Interface than is obtained by 
thermal decomposition alone. Further, the 
' decomposition may be obtained exactly when 
required simply by addition of the activator 
component whereas, with a thermally 

35 decomposable initiator, free radicals are 
generated as soon as the initiator is introduced 
into the latex. Therefore the use of a redox 
catalyst enables greater control to be exercised 
over the exposure of the latex to free radicals 

4Q produced by the secondary catalyst. 

Oil soluble oxidising components having a 
half life of longer than 4 hours at 100°C are 
employed in the redox system S« combination 
with a water soluble activator, such as an 

4S amine, for example diethylene triamine IDET), 
triethyiene tetramine ffisD or tatraethyfene 
pentamine |T£P}. Examples of such oxidising 
components are aumens hydroperoxide ICHPI, 
tertiary-butyl hydroperoxide ITBHP), para- 
ge menthane hydroperoxide {PfvtBPS and diiso- 
propy! benzene hydroperoxide (OlSHP). if 
ferrous iron has been used as part of the 
initiator of the main polymerisation, this will act 
as an activator to produce s secondary redox 

m catalyst when the oxidising component is 
added. However, rt is still preferable In such 
cases to employ an amine activator. Examples 
of amounts of oxidising component which may 
be used are up to about 0.50 parts per hundred 

so parts by weight of polymer {0.8 php), typical 
amounts being 0.15 or 0,30 php. the activator 
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is preferably used in the weight ratio oxidising 
component to activator of; for example, 1s£ to 

The process is serried out- in a separate 
vessel from that In which the main poly- 
merisaticn has been carried out. This may he; 
for example, a storage vessel or unstirred tank. 
The main polymerisation may he. a hatch reac- 
tion or preferably a continuous reaction so that 
the vessel serves to. receive the latex from the 
main polymerisation. The: latex In the vessel is 
preferably at a temperature, of SO a C or more, 
dependent upon the secondary catalyst employ- 
ed, so. that free radicals are produced without 
externa! heat being spoiled, 

in the case of an activated cumane hydro- 
peroxide as secondary catalyst a- temperature of 
70*C Is very suitable. This enables a residual 
styrene content of 1.6% in a carboxyjated iatax 
to be reduced to about 0.02 to 0;Q5% or even 
less in about five hours. When treating 3. 
carboxylsted iatax (produced In acid medium} 
by the process of the invention it may be advan- 
tageous to increase the pH to. for exampie, 
about 8 fey the addition of, for example, 
ammonia before adding the secondary catalyst; 
otherwise there is a- risk of reaction between ine 
acid latex and any alkaline component of the 
secondary, catalyst, for example, diethyiane tri- 
amine. 

Although the- latex Is exposed to free radicals- 
produced by ::the ■•.secondary catalyst in a 
separate vessel from that in which As main 
paiymsdsatior! has been carried out. it is not 
essential that the secondary catalyst is added to 
this separata vessel. Thus, provided that con- 
ditions tinder which free radicals are produced 
by the secondary catalyst are avoided in the 
main polymerisation, it is possible for ens 
component of the secondary catalyst to be 
added with the monomers and other compon- 
ents, of the main polymerisation. For example, a 
hydroperoxide with a Song half life may ba In- 
cluded with the reactor charge of the main poly- 
merisation, the activator initiating the produc- 
tion of free radicals by the secondary' catalyst 
being added to the latex after the iatex has been 
removed from the vessel in which the main, poly- 
merisation has been carried out. Irs such cases 
the activator may be added to the separate 
vessel or to the pipe connecting the two vessels. 
The iatser procedure may be advantageous, 
since it enables a better dispersion of the 
activator into the iatex to be obtained. How- 
ever, if desired, the secondary catalyst or the 
components thereof may be added to the 
separate vessel directly- The addition of the 
secondary catalyst or one or both components 
thereof may be carried out continuously or 
incrementally as desired. Continuous addition is 
preferable when the main polymerisation Is 
carded out continuously, 

it will be understood that the iatex can he 
withdrawn from the vessel its which the main 
polymerisation has been carried out at any 



dasfred conversion, Thus it is not necessary to 
delay withdrawal until s conversion of 90% or 
more hss been achieved, Thus, the latex may be 
withdrawn at a conversion ievel of, for example, 

* 80% and, when a conversion of at least 90% 
has been achieved, then treated by the process 
of the present invention in the separate vessel, 
it may well be that in most eases polymerisa- 
tion' would continue beyond 90% conversion In 

16 the separate vessel without the addition of a 
secondary catalyst. However, exposure of the 
latex to conditions under which free radicals are 
produced by a secondary cataSyst formed in the 
iatex in accordance with our invention enables 

is the conversion of monomer to polymer to be 
carried out to a very high level; thus reducing 
the. residual monomer lave! to a very low figure, 
generally not exceeding 0,1%, This Is achieved 
both conveniently and economically. Very low 

20 residua! monomer contents are increasingly 
required to meet, present day health and safety 
"standards. 

The following Examples illustrate the Inven- 
tion, 

2S {In these Examples references to parts are 
references to parts by weight per hundred parts 
dry weight of poiymer — - php5. 

Exampie 1 

30 A carboxyiated styrens butadiene copolymer 
latex containing 80% bound styrens was pre- 
pared at ?Q"C to 90*C using ammonium per- 
sulphate as the Initiator. After polymerisation 
the residual styrene content was analysed at 

as 1 ,QS% {based on the latex volume}. 

(a) A pojtion of this latex was treated with 
ammonia' to'adjust the pH to 0,0 and was then . 
treated with s secondary catalyst comprising 
eumene hydroperoxide 0.15 parts and diethy- 

40 iene triamsne 0.12 parts. This treated latex was 
then heated for S hours at 70°C. It was found 
that the residual styrene content had been 
reduced to 0.02%. 

{hi For comparison the procedure of Exampie 

4$ 1 (a) was repeated using a water soluble catalyst 
(ammonium persulphate 0.1s parts and 0.3 
parts), it was found that the residual styrene 
content was reduced to 0.2% in each case. 

$a Example 2 

A carboxyiated styrene butadiene copolymer 
iatex containing 50% bound styrene was pre- 
pared as In Exampie 1. After polymerisation the 
residual styrene content was analysed at 0.0% 
as {based on iatex volume}. 

(a) A portion of this iatex was treated with 
ammonia to increase the pH to 0.5 and then 
treated- with a secondary catalyst comprising 
cumene hydroperoxide 0.18 parts and di- 
sc ethylene triamine 0.08 parts. The heated latex 
was heated for 15 hours at 70°C to 30°C. Is 
was found that the residual styrene content had 
been rao'isced to 0.01%. 

{b> For comparison the procedure of Example 
2{a} was repeated using ammonium per- 
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sulphate 0.15 parts and 0.3 parts. It was found 
that the residua! styrene content was reduced to 
0.2% ir? «ach case. 

sxampie- 3 

A polystyrene iatix wee prepared using 
.ammonium persulphate as initiator. After poly* 
meHsatkjrs. ths rssiduai styrene content was 
analysed at 1-2 to 3.0% -based on ths latex 
volume;, 

(a; A pcrSon of this latex was treated with a. 
secondary catalyst comprising cunrtene hydro- 
peroxide- 0.18 parts and diethylene trismiha 
0.12 parts. This was added to s separate vessel 
from that in which- the mam polymerisation had 
been carried out, the polymerisation still con- 
tinuing- in ths separate vessel. After heating for 
4 hours at 33*0 It was found that the residual 
monomer leva! was 0.1%. 

ib\ For comparison the procedure of Example 
3lsi was repeated using ammonium per- 



sulphate 0.2 parts. The residual styrene content 
was reduced to 0.3%, 

Example 4 

s Samples of an scrytoniiriie-batadiens-styrane 
latex wars prepared by grafting styrene and 
acrylonitrlle on to poly-butadiene latex in a 
continuous emulsion polymerisation at SS°C to 
lOO'C using an Initiator of cumena hydro- 
re peroxide and ferrous iron/glucose activator. 
After polymerisation the latex samples were 
analysed for styrene and acrylonitrlle, the levels 
of each being indicated in the table, {par cent 
based on Sates volume), 
!$ A secondary catalyst of epmene hydro- 
peroxide (0.16 phr) and dssthylene trf- 
amine 10.08 phr} was added to each and the 
- latex samples heated for 4 hours at S5 9 C. This 
treatment gave a marked reduction both in rasl- 
20 dual styrene and aery ion ftriie levels as shown in 
the table. 



TABLE 





Residual monomer 




After main 
polymerisation 


Secondary catalysis using 

CHP/OST 1 
4: hrs< 85*C j 


| ASS 
! Sample 


% 

Styrene 


% 
AQH 


% 

Sty rem 


% 
AON 


r— 


0.6 


0,74 


Q.OB 


3,13 


i ■ 


0.52 


0-55 


0,08 


QM 



Claims 

1 , A process for reducing the residual styrene 
monomer level of a polymer latex prepared by a 
main emulsion polymerisation of styrene mono- 
merer a monomsrsc mixture containing styrene 
monomer taken to a conversion of at least 90% 
characterised in that the polymer latex is 
exposed in a separata vessel from that In which 
the main polymerisation has been carried out to 
conditions under which free radicals are pro- 
duced by a secondary redox catalyst, said 
catalyst comprising an oil-soiubie oxidising 
component and sn activator component, at 
least one of which components Is added to -the. 
Sates subsequent to the main polymerisation. 

2, A process according to Claim 1 
characterised in that the oil-soluble oxidising 
component is cumene hydroperoxide, tertiary- 
butyl hydroperoxide, persmenthane hydro- 
peroxide or dtisopropyibenzene hydroperoxide. 

3, A process according to Claim 1 or Claim 2 
characterised in that the activator component is 



Methylene diamine* triethylene tetramine or 
tetraethylene pentamlne. 

45 4. A procsss according to any one of Claims 
1 to 3 characterised In that the oil-soiubie 
oxidising component of the redox catalyst Is 
included with the reactor charge of the main 
polymerisation and the activator component 

50 which Initiates the production of free radicals by 
the secondary' redox catalyst is sd^d to the 
latex after the latex has been removed from the 
vessel in which the main polymerisation has 
been carried out, 

$$ 5. A process according to any one of Claims 
1 to 4 wherein the iatex is a csrboxylated S8B 
latex, an ASS resin latex or a polystyrene latex. 

6, A process according to any one of Claims 
1 to 5 characterised in that the residual styrene 

eo monomer is reduced to a level not exceeding 
0.1% based on latex volume. 

Bsvendlcations 

6$ 1, Precede pour abaisser is taux de mono- 
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mere de styrene residue! d'un latex de poly-* 
mere prepars par una p^iyrnertsatkJft principals 
en Emulsion de monomare de styrdrte ou &*un 
rosJange. monomers eontsnant du monomers 
ds styrena ports- iusqu'a una conversion d'ati 
mosns 90%. characterise en cs que Is iatex de 
polymers est expose., dans. una euye s&psree de 
cells dans isqueile a eu iiau is poiyrr.erisstion 
prirwipale, a das conditions dsns lesqueiSas des 
radscaux ilbres sont prariuits par un caiaivsaur 
redox secscndalrs, 'edit catslyseur compremmt 
uo constftuant oxydant soluble dans t'hulle et un 
constituent d'activstion, au moins un deacons- 
tiiuaots stani ajoute au latex, spres is poly- 
merisation principals. 

2, Precede^ salon ia revsndJcation 1, earso- 
tsrise en cs que Is constituent oxydant soluble 
dsns fhuile est i'hydroperoxyda de cumene, 
I'bydropBroxyda da butyls tertsalre, i'hydroper- 
oxyde de paramenthane ou I'hydrcpsroxytie de 
di'soprcspylbenaene. 

3. Procsds salon I'une des revendications 1 
ou Z, carscterise an ce qua la constituanr 
d'abtsvatson est la dlethyierte ■riamirse.. is tri- 
ediylene tetramine ou la tetra'a'thyJene pent- 
srrsine.. 

4. Precede seion i'una 'queiconque des 
rsvendtoations 1 i 3.. eeracterise en ce qua is 
constituent oxydant solubie dans Phuite du 
catalyseur redox est incorpore avec la charge du 
raacteur ds la polymerisation principal* et ie 
constituant d'actiyadon qui initse la production 
da radlcaux ilbres par le cataiyssur redox 
sscondsirs est ajoute su latex acres qu ie. latex s 
ate" softi de is cave dans iaqueile a eu lieu ia 
poiymerisation' principsie. 

5, Prdcede ssion !'un« queiconque des 
revendicatsons 1 a 4, caracterise en ce que ie 
latex est un latex de S8R carboxyie, un latex de 
reside d'ABS ou un latex de poiystyrene. 

8. Precede selon fune queiconque das 
revsndtcatlons 1 & 5, carsct£rise en ce que !e 
frsonoroere de styrena residuei est abaisse a un 
tsux ne dapasssnt pas 0,1% par rapport au 
volume de latex. 



Patentanspruehe 

t. Verfahren sur Herabsetsung des Rest- 
styrolmonornergehaites sines Polymeriatsx, der 

s durch sine Hauptemuisfonspoiymerisadon von 
Sfyroimonomerem oder slner Monornerenml- 
sehung, die Styroimonomeras sntnait una 
suf einen Urrssatz von wsnigstans 90% 
susgaiegt 1st, hergastsHt warden 1st, da- 

ro durch gskennzeishnet. Sail der Poiymeristex In 
einem anderen GefsS als das Gefa&, In dam die 
Hauptpoiymerisation durchgefuhrt warden 1st, 
Sedingungen ausgesets wird, urrter denen frsie 
Radikate durch einsn sekundareo Redox-Kataly- 

is- sator eissugt werdan, wobef der Katslysator 
sine olEdsJIehe oxidierende Komponente und 
ainer! Aktivatorkomponantepi aufweist, wobes 
wenigsterss sine diesar Koimponanten dem 
Latex anschiseSend an die Hauptsolymerlsa- 

20 tion zugesetzt wird. 

2. Verfahren nach Anspruoh 1, dadurch ge- 
* kennzelciinet, daS die SSiasltche asidierende 

Komponente aus Cumolhydropercxid, tert.- 
Sutyihydroperoxid, p-*s\tentrsanhydroperoxid 
2S odsr Dtlsopropylbenzoibydroperosid besteht, 

3. Verfahren nach Anspassh 1 Oder 2, da- 
durch gekennsaichnet daS die .Aktivaior- 
komponente aus Oiathytentriarriln, Triethylen- 
tesrarrtin oder Tetraethyiartpentsmin bestent 

so 4, Verfahren nach einem def Anspruohe 1 bis 

3, dadurch gekennssiohnet, dais d?« oiloailche 
oxidierende Komponente das Reddx-Kataiysa- 
tors der Resktorcbargs der Hsuptpoiymerisa- 
tion und die Aktlvatorkomponsnte, welcbe die 

ss £f2eugung von freien Radikalen durch dsn se- 
kurtdSrep Redox-Kataiysator injizfert dem Latex 
zugsaet2t wsrd, nachdern der Latex aus dens Ge« 
feiS entfemt worden 1st, In weichem die Haupt- 
polymerisation durchgefuhrt worden 1st. ' 

40 5. Verfahren nach einerrt dsr Anspruche 1 bis 

4, dadurch gefcsnrszaiehnet, daB der Latex e«n 
carboxyiierter SBR-Latex, eiss ASS-Harzlatex 
oder PolystyifOiiatBX 1st, 

6, Verfahren nacb elnem der AnsprSche 1 bis 
45 5, dadurch gekennsaschnet da& der Rest Styroi- 
monomergehalt auf sinen Wert herabgesefet 
wird, der 0,1% beaogen au? das Latex* 
volumen, nicht ubersteigt. 

so 



so 



So 



5 



